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Asthma is associated with a variety of physical, chemical, and biological stimuli [1] [2] [3] [4] including those found in the workplace. 5 The term "work-related asthma" (WRA), representing a subset of all asthma, encompasses both occupational asthma (OA), which is asthma that is caused by workplace exposure to a sensitizing or irritant substance, and work-exacerbated asthma (WEA), which is asthma that is worsened by work-related factors. 6 WRA is a preventable [7] [8] [9] and underdiagnosed 10 occupational lung disease associated with adverse social and economic outcomes, disability, and mortality. [11] [12] [13] [14] [15] [16] Workers who leave their jobs due to WRA often experience loss in income and/or unemployment. 11, 17 A French study followed workers with WRA for an average of 3.1 years after diagnosis. At follow-up, 44% had left their jobs, 25% were unemployed, and 46% had experienced loss in income. 18 Among adults with asthma, those with WRA have a lower quality of life 11, 15, 19, 20 and more frequent emergency department and doctors' visits for worsening asthma. 21 WRA caused by a number of workplace agents may also lead to death. 22 An estimated 6.7% of adults aged 18 years in the United States have current asthma. 2 The American Thoracic Society has cited estimates that 4%-58% (median 5 15%) of adults with asthma have WRA. 23 Estimates of the proportion of adults with OA range from 10% to 15%, 6, 23 and estimates of WEA range from 14% to 58% (median 5 21%). 24 However, few such estimates have been published at the state level. 21, [25] [26] [27] The Adult Asthma Call-Back Survey (ACBS), part of the Behavioral Risk Factor Surveillance System (BRFSS), offers a unique opportunity to provide this information for a large number of states. To determine the proportion of asthma that is work-related, we analyzed data from the 2006 and 2007 ACBS for each participating state.
metHodS
The BRFSS is a state-based, random-digit-dial telephone survey of U.S. noninstitutionalized adults aged 18 years that is conducted annually. 28 The ACBS collects information on asthma, including asthma work-relatedness, from BRFSS participants who have reported health professional-diagnosed asthma. 29 In 2006, 24 states and the District of Columbia (DC) conducted the ACBS; in 2007, those same states plus an additional nine states conducted the ACBS. The BRFSS has a surveillance exemption from Institutional Review Board (IRB) review at the Centers for Disease Control and Prevention (CDC). Participating states are subject to state-specific IRB requirements.
We defined current asthma by "yes" responses to two questions asked during the BRFSS survey: "Have you ever been told by a doctor, nurse, or other health professional that you had asthma?" and "Do you still have asthma?" We defined ACBS respondents as having been ever-employed if they described their current employment status as "employed full-time" or "employed parttime" or answered "yes" to the question, "Have you ever been employed outside the home?" Ever-employed respondents were asked questions about asthma workrelatedness. Health professional-diagnosed WRA was determined on the basis of a "yes" response to the question, "Were you ever told by a doctor or other health professional that your asthma was related to any job you ever had?" Possible WRA was determined using positive responses to any of the following four questions: (1) "Was your asthma caused by chemicals, smoke, fumes, or dust in your current job?" (2) "Was your asthma caused by chemicals, smoke, fumes, or dust in any previous job you ever had?" (3) "Is your asthma made worse by chemicals, smoke, fumes, or dust in your current job?" and (4) "Was your asthma made worse by chemicals, smoke, fumes, or dust in any previous job you ever had?" Possible OA was determined using a positive response to at least one of the first two questions used for possible WRA, and possible WEA was determined using a positive response to at least one of the last two questions used for possible WRA.
We used SAS ® software version 9.2 30 and SUDAAN ® version 10.0.1 31 for analyses. We combined data for DC and the 24 states participating in the ACBS during both 2006 and 2007 to increase precision of estimates; for the nine states with only 2007 ACBS data, we based estimates on one year of data. We weighted the data to account for nonresponse and unequal sampling probabilities using weights generated by CDC. We used the Rao-Scott Chi-square test to assess associations between groups, and calculated prevalence ratios (PRs) adjusted for age, gender, race/ethnicity, education, income, and health insurance status. All tests were two-sided with p0.05 considered significant.
reSultS
Overall, 26,047 adults participated in the ACBS (10,802 in 2006 and 15,245 in 2007) . Of these, 8,410 were excluded from analysis for the following reasons: 7,150 did not have current asthma, 619 had missing data on asthma status, 509 were never employed, and 132 had missing data on employment. The remaining sample of 17,637 respondents represented an estimated 14.5 million ever-employed adults with current asthma in the participating states and DC. Selected demographic characteristics of the study population are shown in Table 1 .
Health professional-diagnosed WRA An estimated annual 9.7% of ever-employed adults with current asthma had health professional-diagnosed WRA (Table 2 ). Individual state estimates ranged from 5.0% in Arizona to 13.8% in Florida (Table 3 ). Adjusted PRs indicated significantly higher proportions of health professional-diagnosed WRA among 45-to 64-yearolds (PR51.9) compared with 18-to 44-year-olds, and among those with annual household incomes $50,000 (PR range: 1.5-2.2) compared with those with incomes $50,000 (Table 2) .
Possible WRA An estimated 47.5% of ever-employed adults with current asthma had possible WRA ( 3) compared with NHW people; among non-Hispanic people of "other" race/ethnicity (PR51.5) compared with NHW people; among those with a high school education or less (PR51.2) compared with those with more than a high school education; and among those with lower annual household incomes (PR range: 1.4-1.6) compared with those with annual incomes $50,000 (Table 4) .
Adjusted PRs indicated significantly higher proportions of possible WEA among 45-to 64-year-olds (PR51.2) compared with 18-to 44-year-olds; among non-Hispanic people of "other" race/ethnicity (PR51.3) compared with NHW people; among those with a high school education or less (PR51.1) compared with those with more than a high school education; among those with lower annual household incomes (PR range: 1.1-1.3) compared with those with annual incomes $50,000; and among those without health insurance (PR51.2) compared with individuals with health insurance (Table 4) .
diSCuSSion
An estimated 11 million U.S. workers may be exposed to occupational agents that cause or trigger asthma, [32] [33] [34] indicating the need for research on WRA. In this study, we estimated that 9.7% of ever-employed adults with current asthma had health professional-diagnosed WRA and 47.5% had possible WRA. Our estimates are consistent with previously reported estimates from six states. 21, [25] [26] [27] The results reported in this article, however, are representative of adults in 33 states and DC.
During 2001 and 2002, as part of the BRFSS, select states administered the question, "Were you ever told by a doctor or other medical person that your asthma was related to any job you ever had?" Using this 2001 and 2002 BRFSS data, Breton and colleagues estimated that 6.2% of Massachusetts adults with current asthma have WRA. 21 Using 2001 BRFSS data from three states, Flattery et al. produced corresponding estimates of 5.8% for California, 6.1% for Massachusetts, and 5.8% for Michigan. 25 Starting in 2005, a modified WRA question was administered as part of the ACBS: "Were you ever told by a doctor or other health professional that your asthma was related to any job you ever had?" Using 2005 ACBS data, Lutzker et al. reported the proportions of current asthma that is work-related in Michigan (7.6%), Minnesota (5.6%), and Oregon (9.0%). They also reported the proportions of possible WRA among people with current asthma in Michigan (52.9%), Minnesota (53.3%), and Oregon (52.8%) using the same definition we used in our study. 26 Using 2006 and 2007 ACBS data, Tice and colleagues estimated the proportion of WRA among New York adults with current asthma to be 11.6%. 27 Consistent with previous studies, 21, [25] [26] [27] in our study, the proportions of health professional-diagnosed WRA Health professional-diagnosed WRA was determined on the basis of a "yes" response to the question, "Were you ever told by a doctor or other health professional that your asthma was related to any job you ever had?" Possible WRA was determined using positive responses to any of the following four questions: (1) "Was your asthma caused by chemicals, smoke, fumes, or dust in your current job?" (2) "Was your asthma caused by chemicals, smoke, fumes, or dust in any previous job you ever had?" (3) "Is your asthma made worse by chemicals, smoke, fumes, or dust in your current job?" and (4) "Was your asthma made worse by chemicals, smoke, fumes, or dust in any previous job you ever had?" Health professional-diagnosed WRA was determined on the basis of a "yes" response to the question, "Were you ever told by a doctor or other health professional that your asthma was related to any job you ever had?" Possible WRA was determined using positive responses to any of the following four questions: (1) "Was your asthma caused by chemicals, smoke, fumes, or dust in your current job?" (2) "Was your asthma caused by chemicals, smoke, fumes, or dust in any previous job you ever had?" (3) "Is your asthma made worse by chemicals, smoke, fumes, or dust in your current job?" and (4) "Was your asthma made worse by chemicals, smoke, fumes, or dust in any previous job you ever had?" Possible OA was determined using a positive response to at least one of the first two questions used for possible WRA, and possible WEA was determined using a positive response to at least one of the last two questions used for possible WRA.
b Estimate suppressed because the relative standard error was 30% Possible OA was determined using a positive response to at least one of the following two questions: "Was your asthma caused by chemicals, smoke, fumes, or dust in your current job?" and "Was your asthma caused by chemicals, smoke, fumes, or dust in any previous job you ever had?" Possible WEA was determined using a positive response to at least one of the following two questions: "Is your asthma made worse by chemicals, smoke, fumes, or dust in your current job?" and "Was your asthma made worse by chemicals, smoke, fumes, or dust in any previous job you ever had?" similar to the corresponding state-specific estimates from this study, there are some methodological differences. The wording of the question on health professional-diagnosed WRA differed slightly: "medical person" was used in the earlier BRFSS surveys and "health professional" was used in the more recent ACBS. However, the effect of this minor difference in wording is not likely substantial. All four of those previous studies included adults with asthma regardless of employment status, but our results were based on analyses restricted to the population at risk, which was ever-employed adults; therefore, our estimates
From the Schools of Public Health  609 were more restrictive. In the studies by Breton et al. and Flattery et al., the WRA question was administered as part of the BRFSS survey, without necessitating a request for additional permission from the respondent for a call-back to obtain asthma information, as is the case in the ACBS. 21, 25 WRA is generally unrecognized and underdiagnosed by health-care providers. 26, [35] [36] [37] Medical record studies have found documentation of consideration of workplace exposures in relation to asthma in only 7%-15% of incident adult asthma cases. 35, 36 Physicians may underrecognize WRA because of difficulties in documenting typical temporal associations between workplace exposure and asthma symptoms. Individuals may increase medication use, experience worsening symptoms at or after work, or experience improvement in asthma symptoms after they spend time away from work. 38 Curwick and colleagues found that the majority of patients with WRA did not receive appropriate objective evaluation of pulmonary function. 39 WRA may also be misclassified as asthma not related to work, particularly if patients infrequently visit their physician for asthma management. 21 Underdiagnosis may be due to a number of factors including the healthy worker effect, whereby workers self-select themselves out of industries or occupations where exposures worsen asthma symptoms before they see a health professional. 6, 40 Consequently, their asthma may not be diagnosed as WRA. This practice may partially explain why such a high proportion of individuals in our analyses believed that their asthma was work-related, while a much lower proportion of workers were told so by a health professional.
It is unclear why, in our analysis, individuals aged 45-64 years had higher proportions of health professional-diagnosed WRA and possible WRA. Such age differences may be due to multiple factors such as WRA diagnosis, communication by physicians, recall bias, and true incidence. Flattery and colleagues found that the proportion of WRA was higher among men than women in all three states, but these differences were not statistically significant. 25 Similarly, we found no evidence for gender differences in the proportion of health professional-diagnosed WRA, but we did find that men were significantly more likely than women to have possible WRA and OA. This gender difference may be associated with differences in workplace exposures. 41 The diagnosis of WRA is related to both occupational-health practices of health professionals and health-care-seeking behavior among people with asthma. The latter may be different in men and women. 25 Schatz and Camargo reported that women are significantly more likely than men to have outpatient visits for their asthma. 42 This difference in outpatient visits, along with the higher proportion of WRA among men, may explain the lack of a statistically significant association between gender and health professionaldiagnosed WRA in our study.
Based on our analyses, adults with asthma who had lower incomes were significantly more likely to report all measures of WRA, OA, and WEA. In addition, we found that adults with asthma who did not have health insurance were significantly more likely to have possible WRA than those with health insurance. This finding was contrary to our a priori expectations that, because they may have better access to health professionals, adults with asthma who have health insurance would be more likely to be diagnosed as having WRA than individuals without health insurance. These findings lead us to hypothesize that individuals with possible WRA are more likely to work in jobs that do not offer health insurance. An alternate hypothesis is that individuals without health insurance may not be seeking health professional advice and, as a consequence, are not properly educated about their asthma or are not diagnosed with WRA. However, due to the nature of ACBS data, this hypothesis could not be evaluated.
Limitations
Our findings were subject to several limitations. The BRFSS and ACBS rely on self-reported measures of asthma and WRA that were not validated and, thus, estimates may have been subject to recall bias. It is possible, although unlikely, that respondents did not correctly recall being told by a health professional about asthma work-relatedness. Additional limitations in estimation methods (i.e., measurement, nonresponse, and sampling errors) are described in the "BRFSS Operational and User's Guide." 43 The Council of American Survey and Research Organizations' median response rates among the 24 participating states and DC in 2006 were 48.6% (range: 36.9%-66.0%) for the BRFSS and 52.1% (range: 37.0%-70.8%) for the ACBS. Among the 33 participating states and DC in 2007, the median response rates were 47.6% (range: 31.4%-65.4%) for the BRFSS and 54.3% (range: 36.5%-72.2%) for the ACBS. The ACBS has the potential to introduce participation bias because respondents who self-selected to participate in the ACBS may differ from those who did not. 44 Also, in 2006 and 2007, the ACBS queried only those with landline telephone access. People residing in households lacking landline telephones and those using only cellular telephones, who tend to have a lower income, be younger, and be members of racial/ethnic minority groups, were not included. 
ConCluSionS
The ACBS can supplement case-based surveillance by providing population-based information on WRA. Currently, a limited number of states conduct casebased surveillance of WRA 46 and collect information on industry, occupation, and asthma-related exposures that is used to develop various targeted WRA preventive interventions (e.g., development and distribution of educational booklets, brochures, and posters on asthma among construction workers, graffiti-removal workers, and applicators of polyurethane liners for truckbeds). [47] [48] [49] Industry and occupation information on WRA cases is important because it allows for prevention of other cases in the same settings and may be used to create safer workplaces. Neither the BRFSS nor the ACBS is designed to collect detailed data on respondents' occupational history or workplace exposures. Such information would further enable states, other government agencies, health professionals, employers, workers, and worker representatives to develop targeted interventions.
Based on population survey data from 33 states and DC, we estimate that only about 10% of ever-employed adults with current asthma have been told by a health professional that their asthma is work-related, though nearly half of ever-employed adults with current asthma report that work exposures have either caused or exacerbated their asthma. Further studies are needed to better understand this apparent discrepancy.
